I 


!  I  ih 


hit 


UNIVERSITY  OF  NCTTINGHAM 
DEPARTMENT  OF  CHEMISTRY 


(O 

CM 

00 

00 

O 

CM 

< 

I 

D 

< 


Corrosion  of  Aluminium  Alloys  by  IRFNA 
Proposal  R  &  D  5878-CH-Ol 
Contract  DAJA  45-87-C-0050 


M  F  A  D-V? 

X-Ccari 
J  P  Mauger 
F  Richirgs 


FINAL  TECHNICAL  REPORT 
FEBRUARY  1989 


DlgTP.ISimON  CTATEMET^  X 
Approved  lor  public  reieo^el 
.  Diitribution  Unliudied 


5"  Ik  ^3^ 

89  5  16  039 


L 


la.  REPORT  SECURITY  CLASSIFICATION 

Unclassified 


2a.  SECURITY  CLASSIFICATION  AUTHORITY 


REPORT  DOCUMENTATION  PAGE 


lb.  RESTRICTIVE  MARKINGS 


2b.  DECLASSIFICATION  /  DOWNGRADING  SCHEDULE 


3.  DISTRIBUTION /AVAILABILITY  OF  REPORT 

Approved  for  public  release;  distribution 
uni imited. 


4.  performing  ORGANIZATION  REPORT  NUMBER(S) 


S.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


6a.  NAME  OF  PERFORMING  ORGANIZATION  6b.  OFFICE  SYMBOL 

Department  of  Chemistry  (if  applicable) 

University  of  Nottingham 


6c.,ADpRESS  (pty.  State,  and  ZIP  Code) 

University  Park 

Nottingham 

NG7  2RD 

8a.  NAME  OF  FUNDING /SPONSORING 

8b.  OFFICE  SYMBOL 

ORGANIZATION 

(If  applicable) 

USAROSG-UK  ERO 

AMXSN-UK-RC 

8c.  ADDRESS  (City,  State,  and  ZIP  Code) 

Box  65 

FPO  NY  09510-1500 

n  TITLE  (Include  Security  Classification) 

(U)  Corrosion  of  Aluminum  Alloys  by  IRFNA 


12.pP£RSONAL  AUTHOfU^  , 

Dr.  uove  ana  Dr.  Logan 


13a,  TYPE,  OF  REPORT 

Tinai 


13b.  TIME  COVERED 
FROM _ TO 


7a.  NAME  OF  MONITORING  ORGANIZATION 

USAROSG-UK 


7b  ADDRESS  (Crfy.  State,  and  ZIP  Code) 

Box  65 

FPO  NY  09510-1500 


9-  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

DAJM  45-87-C-0050 


10.  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 


PROJECT 

TASK 

NO 

NO 

14  DATE  OF  REPORT  (Year,  Month,  Day)  flS  PAGE  COUNT 


COSATI  CODES 


GROUP  SUB-GROUP 


18  SUBJECT  TERMS  (Confinoe  on  reverse  if  necessary  and  identify  by  block  number) 


>1^  abstract  (Continue  on  reverse  if  necessary  and  identity  by  block  number) 

^It  has  been  demonstrated  electrochemical 1y  (by  corrosion  potential-time,  pjlanization 
resistance  and  Tafel  behavior)  that  the  presence  of  a  high  concentration  of  Cu^  ions 
(580  wpm)  in  IRFNA  (Inhibited  Red  fuming  Nitric  Acid)  does  not  lead  to  an  increase  in  the 
corrosion  rate  of  aluminum  alloy  in  this  liquid  oxidizer,  or  to  any  significant  change  in 
the  corrosion  potential  of  the  system. 

The  effect  of  the  additioivof  water,  to  give  an  appreciably  over-propellant 
specification  level  (6.75  wt.%H20),  on  the  corrosion  rate  of  aluminum  alloy  in  IRFNA 
containing  initially  2.79  wt.%  Rp*^)  has  been  investigated  by  corrosion  potential-time 
polarization  resistance  and  a. c.'^ impedance  measurements.  The  results  indicate  an  order  of 
magnitude  increase  in  corrosion  rate  and  an  apparent  increase  in  film  thickness,  following 
the  addition  of  water. 

The  effects  of  variations  in  IRFNA  composition  on  the  corrosion  rate  of  aluminum 
alloy  in  IRFNA  using  four  pairs  of  electrochemical  cells,  each  pair  containing  IRFNA 
_ _ cenf'a  ■  ■  ■ 

20  DISTRIBUTION /AVAILABIUTY  OF  abstract  21.  ABSTRACT  .aCymTY  CLASSIFICATION 

EIunclassified/unumiteo  g]  same  as  rpt  njpTic  users  unc lassiTTea _ 

22a„NANIE  OF  RESPONSIVE  INDIVipUAL  22b.  TELEPHONE  (Int/ude  Area  Code)  I  22c  OFFICE  SYMBOL 

Dr.  Robert  J.  “ampbeTT  01-409-4423  AMXSN-UK-RC 


l22b.  TELEPHONE  (Int/ude  Area  Code)  22c  OFFICE  SYMBOL 

101-409-4423  AMXSN-UK-RC 


DO  FORM  1473, 84  MAR 


83  APR  edition  may  be  used  until  exhausted 
Ail  other  editions  are  obsolete 


SECURITY  CLASSIFICATION  OF  "HIS  PAGE 


Block  19 

■ 

ned  from  a  different  source,  have  also  been  studied.  The  electrochemical  results 
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thickness  of  the  layer  of  corrosion  products  present  on  the  sample\urface.  A  gaseous 
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Analytical  data  has  been  obtained  for  the  various  samples  of  IRFNA  used  in  the 
work  described  in  the  report.  J 
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1)  INTRODUCTION 

This  report  presents  the  final  phase  of  the  work  carried 
out  under  the  revised  agreements  of  March  1988  between  Dr.  Barry 
Allan  (USAMC)  and  Drs.  N. Logan  and  M.F.A.Dove  (University  of 
Nottingham,  Department  of  Inorganic  Chemistry). 

The  areas  of  investigation  still  outstanding  or  requiring 
completion  after  submission  or  the  Second  Interim  Report  (July 
1988),  are  summarised  below. 

A)  The  effect  of  dissolved  Cu**  ions  and 

over-specification  levels  of  water  content  on  the 
corrosion  rate  of  2014  (3L65)  aluminium  alloy  in 

IRFNA. 

B)  The  effects  of  variations  in  IRFNA  ^compoeition  on  the 

corrosion  rate  of  aluminium  alloys  in  IRFNA 
(Electrolyte  Effects). 

Q  The  effects  of  surface  pretreatment  and  exposure  to 
IRFNA  of  samples  of  2014  (3L65)  aluminium  alloy  using 
Auger  Spectroscopy. 

The  work  carried  out  under  Part  A  is  described  and 
discussed  in  Section  2  (Effect  of  Cu’*  ions)  and  Section  3 
(Effects  of  HjO).  Work  carried  out  under  Parts  B  and  C  are 
presented  in  Sections  4  and  5  respectively. 

Further  to  these  areas  of  research,  analytical  data  has 
been  obtained  on  IRFNA  from  the  various  sources  used  throughout 
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this  work,  and  is  presented  in  Section  6. 
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21  The  Effect  of  Cu**  on  tho  Corrosion  of  2014  (3L65) 

Aluminium  Alloy  in  IRFNA 

2.11  Introduction 

The  corrosion  of  a  pure  metal  in  contact  with  an 
electrolyte  depends  upon  the  presence  of  anodic  and  cathodic  sites 
on  the  metal  surface.  The  anodic  sites  are  usually  associated 
with  Vtink  sites,  dislocations  and  grain  boundaries,  with  the 
cathodic  sites  making  up  the  remainder  of  the  surface. 

The  addition  of  alloying  elements  to  improve  the  mechanical 
properties  of  metals  may  have  a  profound  effect  on  the  corrosion 
resistance  of  these  metals,  due  to  the  formation  of  galvanic 
couples. 

The  galvanic  couple  between  dissimilar  metals  can  be 
treated  by  the  application  of  mixed-potential  theory.  For 
instance,  when  a  piece  of  platinum  is  coupled  to  a  piece  of  zinc 
in  an  air-free  acid  solution,  vigorous  hydrogen  evolution  occurs 
on  the  surface  of  the  platinum  and  the  rate  of  hydrogen  evolution 
on  the  zinc  is  decreased.  Furthermore  the  rate  of  dissolution  of 
the  zinc  (the  corrosion  reaction)  increases.  The  increase  in 
corrosion  rate  of  the  zinc  in  this  example  is  due  to  higher 
exchange-current  density  for  hydrogen  evolution  on  platinum 
surfaces. 

Another  important  factor  in  galvanic  corrosion  is  the  area 
effect,  or  the  ratio  of  cathodic  to  anodic  areas.  For  a  given 
current  flow  in  the  cell,  the  current  density  at  a  small  electrode 
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will  be  greater  than  that  at  a  large  electrcxle.  Thus,  if  the  more 
noble  metal  in  a  galvanic  couple  is  present  as  a  larger  surface 
area  than  the  more  active  metal,  the  corrosion  current  density  at 
the  active  metal  will  be  high  and  thus  the  metal  will  corrode  at  a 
high  rate.  To  summarise,  an  unfavourable  area  ratio  consists  of  a 
large  cathode  and  a  small  anode. 

Since  copper  ions  are  known  to  be  reduced  by  aluminium  in 
aqueous  acid  solutions  to  produce  elemental  copper,  there  exists 
the  possibility  that  reduced  copper  would  "plate-out"  upon  the 
surface  of  aluminium  and  its  alloys,  producing  cathodic  sites  for 
the  i  eduction  of  N(i‘.  and  thus  increasing  the  rate  of  corrosion 
of  the  aluminium  metal.  Furthermore,  the  presence  of  the 
intermetallic  compound  CuAU.  may  produce  local  galvanic  cells  on 
the  alloy  surface  in  which  the  aluminium  becomes  the  active  anodic 
sites.  This  behaviour  has  been  reported  elsewhere.’ 

With  these  considerations  in  mind,  the  effect  of  the 
addition  of  Cu**  ions  on  the  corrosion  rate  of  2014  (3L65) 
aluminium  alloy  in  IRFNA  has  been  investigated. 
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2.2)  Experimental 

2.2.1)  Preparation  of  Cu**/RFNA  solution 

In  order  to  study  the  effect  of  the  addition  of  Cu**  ions 
to  the  corroding  aluminium  alloy  system,  a  solution  of  Cu** 
ions  in  RFNA  was  prepared.  Copper  wire  (ca.  1.75g,  abraded) 
was  placed  in  a  "quickfit"  tube  containing  RFNA,  Moisture  was 
prevented  from  entering  the  tube  during  transfers  of  materials  by 
a  stream  of  dry  nitrogen.  A  P40i»  guard  tube  was  fitted  to  the 
"quic)<fit"  tube,  and  the  apparatus  was  left  to  stand  at  room 
temperature  until  no  further  reaction  could  be  seen  to  be  taking 
place.  Within  a  few  minutes  of  adding  the  wire,  a  green 
colouration  was  observed.  Over  a  period  of  several  days  the  colour 
of  the  solution  darkened  and  deep  blue  crystals  were  formed  both 
in  the  bottom  of  the  tube,  and  on  the  metal  surface.  The  familiar 
equation  for  the  reaction  between  copper  metal  and  nitric  acid  is 
shown  below  (1); 

3Cu  +  8HN0,  - ►  3Cu(N0i),  +  2N0  +  4H,0  (1) 

Prior  to  removing  the  solution  for  injection  into  an 
electrochemical  cell,  the  copper  concentration  was  determined  by 
AAS  to  be  1.005  wt.%  and  its  density  was  determined  as  1.642g 
cm**. 
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2.2.2)  Introduction  of  Cu**/RFNA  solution  into  an  electrochemical 
cel) 

Under  a  counter-current  of  dry  nitrogen,  the  Cu’VRFNA 
solution  was  drawn  into  a  1cm*  glass-bodied  syringe  (Weber 
Scientific,  England).  0.5  cm*  of  the  solution  was  injected 
through  the  Teflon  reference  electrode  seat  of  cell  AFti58/2.  The 
platinum  reference  electrode  wire  had  previously  been  re.moved  to 
facilitate  this  operation.  After  withdrawing  the  syringe,  a  Teflon 
disc  wus  placed  over  the  electrode  seat  and  compressed  into  place 
by  the  brass  nut.  sealing  the  cell  from  ingress  of  moisture  or 
loss  of  electrolyte. 

Given  that  cell  AF058/2  was  initially  filled  with  13.403g 
IRENA,  the  addition  of  0.5cm>  of  a  0.0165g  Cu’‘cm-»  RENA 
solution  produced  a  final  copper  concentration  in  the  cell  of 
8.25mg  Cu**/  14.224g  electrolyte  (580  wppm  Cu**). 


2.2.3)  Electrochemical  Investigation 

Prior  to  the  introduction  of  the  Cu»‘/RENA  solution  into 
the  cell,  routine  measurements  were  made  on  E.,rr  and  R». 
Immediately  after  addition  of  the  Cu**/RFNA  solution,  further 
measurements  were  tal^en.  The  results  are  displayed  graphically  in 
Fdgurcs  1  and  2. 

In  order  to  assess  the  effects  of  any  "plated-out"  copper 
on  the  corrosion  process,  Tafel  prlarisations  were  carried  out  on 
this  system  and.  for  direct  comparison,  on  the  complementary  cell 
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AFX358/1.  which  had  received  no  addition  of  Cu”  ions. 


2.2.4)  Analysis  of  Electrolyte 

At  the  end  of  the  test  period,  the  cell  AF058/2  was  opened 
and  the  electrolyte  removed  for  the  determination  of  dissolved 
metals  content  (aluminium  and  copper),  HF  content  and  water 
content.  The  results  of  these  analyses  are  presented  in  Section 
2.3.4. 

2.3)  Experimental  Results 

2.3.1)  E— .  -  Time  behaviour 

Figure  1  shows  the  versus  time  behaviour  of  cell 
AF058/2  before  and  after  the  addition  of  the  (^i*’/RFHA 
solution. 

Clearly,  although  a  snail  perturbation  in  the  corrosion 
potential  was  observed  immediately  on  injecting  the  copper 
solution  into  the  electrochemical  cell,  the  corrosion  potential 
did  not  undergo  its  greatest  change  until  some  24  hours  after 
injection,  when  the  potential  rose  from  a  value  of  -e23oV  (versus 
the  NOiVhNA  couple)  to  -ei6mV  and  then  fell  to  a  value  of 
-837mV.  After  a  further  five  days,  the  corrosion  potential 
fluctuated  within  the  range  -825mV  to  -636mV,  and  then  stabilized 
at  -828mV.  After  a  period  of  ca.  46  days  the  corrosion 
potential  had  increased  to  -021mV,  only  ImV  lower  than  the  value 


e(Redl-  oT  aAdi4Ve>n  on  'HTa.  Corros(ar\  PaUrA-CoA 

2014-  (3L^S)  a  lut«^rvLmiY\  o.\ics  m  IRP'MQ  • _ Cg\l  ^^OS^/2. 
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recorded  seven  days  prior  to  the  addition  of  the  copper  solution. 

2.3.2)  Polarisation-Resistance  behaviour 

The  prime  concern  during  this  study  has  been  the  effect  of 
Cu**  ions  in  IRFNA  upon  the  corrosion  rate  of  the  2014 
(3L65)  aluminium  alloy.  A  series  of  polarisation  experiments  has 
therefore  been  conducted,  from  which  values  of  the  polarisation 
resistance,  R»,  have  been  obtained.  This  parameter  is  inversely 
proportional  to  the  corrosion  rate.  Figure  2  shows  the  Rf-time 
behaviour  of  the  cell  AFO50/2  before  and  after  addition  of  Cu’* 
ions  to  the  system. 

The  addition  of  the  Cu**  ions  was  made  at  time  T-0  days 
(Figure  2).  In  the  six  day  period  following  the  addition  of  the 
Cu>*  ions,  R»  can  be  seen  to  have  increased  ,  indicating  a 
decrease  in  corrosion  rate,  and  then  decreased,  corresponding  to 
an  increase  in  corrosion  rate.  The  value  of  R»  recorded  after 
ca.  6  days  (ca.  125kT/  cm’  )  is  very  similar  to  values 
recorded  ca.  7  days  before  addition  of  Cu**  ions  (137. 7k(? 
cm’),  and  ca.  37  days  after  Cu’*  ion  addition  (140.9k i? 
cm’). 

2.3.3)  Tafel  behaviour 

Corrosion  current  densities  of  AF058/2  (after  addition  of 
Cu**  ions)  and  AF058/1  (no  added  (^l’•  ions)  were  obtained 
directly  from  data  obtained  by  the  Tafel  polarisation  method.  At 
Sa-  1  day  after  addition  of  copper  to  AF058/2,  the  corrosion 


0 
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current  density.  is,r.  was  measured  as  2.5xlO-’A  cm-’. 

After  3.42  days,  was  measured  as  4.9xlO-’A  cm-’. 

These  values  are  similar  to  the  value  obtained  from  cell  AF058/1. 
7xlO-’A  cm-’,  after  a  similar  time. 

2.3.4)  Analytical  Results 

The  results  of  analyses  carried  out  on  AF058  "stock"  IRFNA 
and  IRFNA  removed  from  the  two  APOSS  electrochemical  cells  are 
presented  below  in  Table  2.1. 


Table  2.1  Analytical  Data  for  AF058  cells 


A1 

/ppm 

Cu 

/ppm 

Fe 

/ppm 

Or 

/ppm 

Ni 

/ppm 

HF 

/wt» 

liO 

/wt» 

ITS 

/wt» 

AP058  (stock) 

205 

1.1 

6.8 

1.7 

ND 

0.503 

2.839 

0.043 

AF058/1 

325.4 

4.6 

- 

- 

- 

0.355 

3.077 

- 

Ar058/2 

169 

816.4 

- 

- 

- 

0.401 

3.503 

- 

2.4)Conclusions 

It  was  proposed  that  the  presence  of  copper  ions  in 
sufficiently  high  concentrations  in  these  systems  might  lead  to  a 
"plating-out"  effect  of  metallic  copper  on  the  surface  of  the 
aluminium  alloy.  This  would  provide  an  increased  surface  area  i^xon 
which  the  cathodic  reduction  reaction  could  take  place: 


+  e- 


(2) 
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The  increased  cathodic  current  would  be  balanced  by  an 
increased  anodic  current,  corresponding  to  an  increased  corrosion 
rate  of  the  aluminium  alloy.  A  shift  in  would  also  be 

expected  as  the  system  took  up  the  potential  of  the  mixed  couple 
between  copper  and  the  aluminium  alloy. 

The  electrochemical  results  presented  in  Sections  2.3.1, 

2.3.2  and  2.3.3  indicate  that  the  presence  of  a  high  concentration 
of  Cu**  ions  in  the  electrolyte  does  not  lead  to  an  increase  in 
corrosion  rate  of  the  aluminium  alloy,  or  to  any  significant 
change  in  the  corrosion  potential  of  the  system. 

The  results  of  analyses  carried  out  on  the  electrolyte 
recovered  from  the  cells  are  not  easy  to  interpret  (Table  2.1). 

Both  cells  showed  an  increase  in  water  content  of  the  recovered 
electrolyte,  consistent  with  the  corrosion  process.  However, 
AF058/2  showed  an  aluminium  content  (169  ppm)  lower  than  that 
measured  for  the  "stock"  AFOSS  IRFNA  (205  ppm).  Acid  recovered  from 
AF058/1  had  an  aluminium  content  (325.4  ppm)  more  consistent  with  a 
system  which  had  been  corroding  for  some  time.  The  very  high  level 
of  copper  measured  in  AF058/2  is  inconsistent  with  the  amount  of 
copper  added  to  the  cell  (0.5cm*  of  a  0.0165gCu*Vcm’  solution) 
to  give  the  calculated  580ppm  concentration.  This  inconsistency  may 
be  explained  in  either  of  two  ways: 

1)  After  injection  of  the  Cu**/RFNA  solution  into  the 
cell,  the  cell  was  not  effectively  sealed,  allowing  electrolyte  to 
escape  from  the  cell.  This  would  have  lead  to  partial  dissolution 
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of  the  breiss  nut  and  incorporation  of  the  copper  frooi  this 
dissolution  process  into  the  bulk  electrolyte  within  the  cell, 
thereby  increasing  the  Cu"  concentration  above  the  level 
calculated. 

2)  A  small  quantity  of  particulate  copper  nitrate  may  have 
been  inadvertently  injected  into  the  cell  with  the  Cu^/RFNA 
solution,  resulting  in  a  copper  concentration  in  excess  of  that 
calculated. 

It  is  unlikely  that  the  presence  of  Cu*'  ions  above  the 
level  expected  (based  upon  the  amount  of  Cu»*/RFNA  solution 
injected  into  the  cell)  could  be  due  to  the  dissolution  of  copper 
from  the  bulk  aluminium  alloy. 
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3)  The  Effect  of  O/er-Soecif Ication  Levels  of  Water  Content  on 
the  Corrosion  Rate  of  2Q14(3L65)  Altminlum  Mlov  in  IRFNR 


3.1)  Introduction 

The  chemistry  of  100%  nitric  acid  is  governed  by  the 
self-dissociation  equilibrium  (3): 

2HNQi  NO>‘  +  NCi-  +  H,0  (3) 

1.1  1.5  0.4  wt.% 

Solvation  of  the  water  and  nitrate  ione  by  nitric  acid  is 
strong*.  Clearly,  addition  of  one  of  the  components  on  the  right 
hand  side  of  equilibrium  (3)  is  expected  to  suppress  the 
concentrations  of  the  other  two.  For  instance,  the  addition  of 
water  is  seen  to  reduce  the  conductivity  of  the  nitric  acid  as  the 
concentrations  of  NC^*  and  NCV  are  reducedP  *.  A 
conductivity  minimum  is  observed  at  ca.  4  wt.%  water,  and  the 
increase  in  conductivity  with  further  water  additions  is 
attributed  to  the  production  of  the  hydroxonium  ion,  according  to 
(4): 


HM3,  +  HiO  H*0»  +  N0|-  (4) 

In  the  event  of  (4)  occurring  in  the  aluminium  alloy  - 
IRFTft  system,  it  would  be  reasonable  to  assume  that  reduction  of 
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the  hydroxonium  ion  (HjO*)  might  be  the  predominant  cathodic 
process  accompanying  the  anodic  oxidation  of  the  metal. 

The  current  density  for  the  reduction  of  hydroxonium  ion 
on  the  aluminium  alloy  is  greater  than  the  corresponding  current 
density  for  the  reduction  of  nitronium  ions,  and  so  the  corrosion 
rate  of  the  metal  is  also  greater. 

In  view  of  the  importance  of  this  effect,  the  corrosion 
rate  of  the  aluminium  alloy  in  IRFNA  "doped"  with  water  to  a  level 
considerably  in  excess  of  that  recommended  by  the  current  IRFNA 
specification*,  has  been  investigated. 


3.2)  Experimental 

3.2.1)  Electrochemical  Cell  Selection 

In  order  to  obtain  corrosion  rate  measurements  which 
reflect  the  effect  of  the  addition  of  water  to  an  electrochemical 
cell,  it  was  decided  to  utilise  a  cell  which  had  been  set  up  for  a 
period  of  time  greater  than  the  ca.  80  day  induction  period 
normally  required  for  equilibrium  in  these  systems*. 

Cell  BW19  was  selected  for  this  purpose.  This  cell  was 
originally  set  up  on  11/9/86,  and  filled  with  11.768g  of  "new" 
Westcott  IRFNA.  The  cell  had  been  pretreated  with  aqueous 
HF(0.05%  aqueous  solution),  and  gaseous  ClFt  (1  atm..  RT,  IThrs). 

A  series  of  polarisation  experiments  was  carried  out  on 


BW19  prior  to  the  addition  of  water.  Similarly,  ac-impedance 
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spectra  were  recorded  over  the  frequency  range  10"*  to  10^  Hz, 
from  which  the  capacitance  of  the  oxide/f luorlde  film  present  on 
the  metal  surface  could  be  determined.  Any  changes  in  this 
parameter,  resulting  from  the  addition  of  water  to  the  cell,  could 
thus  be  observed. 

3.2.2)  Introduction  of  HjO  to  cell  EW19 

The  removal  of  the  platinum  reference  electrode  wire  from 
the  cell  provided  an  injection  port  through  which  0.5g  "nanopure" 
HjO  (0.5  cm*)  was  injected  into  the  cell,  using  a  lea? 
glass-bodied  syringe.  The  final  concentration  of  water  in  the  cell 
was  calculated  to  be  6.75wt%  .  Immediately  after  withdrawal  of 
the  syringe  needle,  a  FIFE  disc  was  placed  over  the  electrode  seat 
and  compressed  into  place  by  the  brass  bolt,  thus  forming  an 
effective  barrier  against  loss  of  electrolyte  from  the  cell,  or 
ingress  of  moisture  into  the  cell. 

3.2.3)  Electrochemical  Investioation 

Following  the  addition  of  water  to  the  electrochemical 
cell,  electrode  potential,  E»«,  polarisation  resistance, 

Rp.  and  film  capacitance.  C,  were  measured.  The  results  are 
displayed  graphically  in  Figures  3,  4  and  5. 

3.3)  Ba)erimental  Results 
3.3  1)  F —  -  Time  behaviouT 

Figure  3  displays  the  effect  of  water  addition  on  the 
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corrosion  potential  of  BW19.  Prior  to  the  addition  of  water  to  the 
cell,  values  of  the  corrosion  potential.  £.«•,.  were  recorded 
between  -808mV  and  -820mV.  Immediately  on  adding  water  (T-0  days), 
Eevr  was  seen  to  increase  to  a  value  of  -732mV.  Within  24 
hours,  however,  the  corrosion  potential  had  fallen  to  a  level  of 
-827mV.  The  potential  then  increased  steadily  over  a  period  of 
ca.  24  hours  to  -776m V.  E»,t  remained  at  between  -780mV 
and  -794mV  over  the  following  ten  days,  after  which  the  cell  was 
dismantled  . 

3.3.2)  Polarisation-Resistance  behaviour 

The  effect  of  water  addition  on  the  polarisation  resistance 
of  BW19  is  displayed  in  Figure  4. 

Clearly,  the  addition  of  water,  shown  as  occurring  at  time 
T-0  days,  reduces  the  polarisation  resistance  by  an  order  of 
magnitude,  resulting  in  a  ten-fold  increase  in  corrosion  rate. 

Over  the  period  of  study,  ca.  12  days  after  water  addition, 
the  polarisation  resistance  had  not  returned  to  its  pre-addition 
level.  The  final  value  before  dismantling  the  cell  was  determined 
as  49.14k0cm*. 

3.3.3)  Film  Capacitance  -  Time  behaviour 

Figure  5  shows  the  change  in  capacitance  of  the  system  with 
time  as  a  result  of  the  addition  of  water.  Clearly,  a  decrease  in 
capacitance  from  ca-  d.SMFcm-*  to  a.  3.2MFcm-*  is 
observed  over  the  three  day  period  following  water  addition. 
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3.3.4)  Analytical  Reaultg 

Following  the  completion  of  electrochemical  tests  on  this 
system,  the  cell  BW19  was  taken  off-test  and  opened.  The  acid 
electrolyte  was  removed  in  the  usual  manner  and  stored  in  a 
screw-capped  FEP  bottle. 

The  electrolyte  was  analysed  for  fluoride  ion  content 
(fluoride  ion  electrode),  and  the  HF  content  determined  as  <0.064 
wt%  . 

3.4)  Conclusions 

The  corrosion  potential-time  data,  displayed  graphically 
in  Figure  3,  show  that  the  addition  of  0.5g  water  to  an 
equilibrated  aluminium  /IRFNA  system  (of  initial  [HjO]  -  2.79 
wt.Ss  )  causes  a  rapid  increase  in  potential,  followed  by  a 
decrease  and  a  further  increase  to  potentials  very  close  to 
pre-water  addition  levels.  These  sharp  fluctuations  in  potential 
may  occur  as  a  result  of: 

i)  Physical  disturbance  of  electrode  surfaces  during 
the  water  injection  process. 

ii)  Release  of  heat  of  dilution  on  addition  of  water 

iii)  Establishment  of  a  new  cathodic  process  at  the  metal- 
film  or  film-electrolyte  interface. 

The  increase  in  corrosion  current  density  associated  with  a 
decrease  of  polarisation  resistance,  R^,  after  addition  of 
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water,  is  of  the  order  of  a  ten-fold  increase.  This  increase  is 
expected  to  produce  a  build-up  of  corrosion  products  at  the 
working  electrode  surface,  leading  to  film  thickening.  The 
increase  in  film  thickness  corresponds  to  the  observed  decrease  in 
the  capacitance  of  the  film  as  determined  from  AC  impedance  data. 

The  exchange  of  hydroxyl  groups,  in  the  hydrated  oxide/ fluoride  film 
present  on  the  alloy  surface,  by  fluoride  ions,  will  result  in  a 
decreased  fluoride  ion  content  and  an  increase  in  the  water 
content  of  the  electrolyte. 

The  low  concentration  of  fluoride  ions  in  the  electrolyte 
removed  from  the  cell  at  the  end  of  the  test  period  (<0.064  wt%  ) , 
is  consistent  with  the  increased  corrosion  rate  observed. 

Clearly,  this  level  of  corrosion  is  undesirable  and  results  from 
the  high  level  of  water  present  in  the  electrolyte  (ca.  6.75 
wt.*  HiO). 


18 


4)  Electrolyte  Effects 
4.1)  Eb<periiiiental 

In  order  to  assess  the  effects  of  variations  in  IRFNA 
composition  on  the  corrosion  rate  of  2014  {3L65)  aluminium  alloy  in 
IRFlft,  four  pairs  of  cells  were  machined  from  3L65  alloy,  each 
containing  "bottom  working  electrodes"  cut  from  SN5144  oxidiser 
tank  wall  section.  Elach  pair  of  cells  was  filled  with  IRFNA 
obtained  from  different  sources.  The  cells  were  thermostatted  in  an 
oil  bath  maintained  at  25*C.  The  corrosion  potential,  E-rr. 
and  polarisation  resistance,  were  measured  intermittently. 

These  cells  were  taken  off  test  on  February  7,  1989,  and 
the  acid  electrolyte  removed  for  analysis  (Section  4.2.4).  Visual 
inspections  of  the  cell  interiors  were  made.  The  results  of 
these  inspections  are  reported  below  (Section  4.2.3). 

Table  4.1  shows  cell  codes,  IRFNA  type  and  set-up  dates  for 
the  four  pairs  of  electrochemical  cells. 
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Table  4.1  Electrochemical  Cell  Data 


Cell  Code 

IRFNA  Tvoe 

Weioht  of  IRFNA/o 

Set-UD  date 

Boom  1 

Boom 

13.728 

13^^ 

Boom  2 

Boom 

12.069 

14-4-88 

AF058/1 

AF058 

13.454 

28-4-88 

AF058/2 

AF058 

13.403 

28-4-88 

SN5208/1 

SN5208 

13.943 

20-5-88 

SN5208/2 

SN5208 

14.398 

20-5-88 

Wl 

Westcott 

12.141 

20-6-88 

W2 

Lot67  Dr. 3 

13.972 

24-6-88 

4.2)  Experimental  Results 
4.2.11  E»»-Tiine  behaviour 

Figures  6,  7,  8  and  9  display  the  corrosion  potentials  of 
the  four  pairs  of  electrochemical  cells  as  a  function  of  time. 

As  reported  previously* ,  the  potential-time  bdiaviour  of 
three  of  the  four  pairs  of  electrochemical  cells  is  typical  for 
fluoride  film  covered  aluminium  alloys  in  contact  with  IRFNA.  These 
three  pairs  of  cells  (  Wl,  W2,  SN5208/1,  SN5208/2,  Booml  and  Booo2) 
show  a  fall  of  electrode  potential  to  c£.  -620mV  after  a  period 
of  50  days  or  less  (  Figures  7,8  and  9  ) .  In  the  case  of  the  SN5208 
pair  of  cells,  this  fall  in  potential  to  a  steady  value  was  seen  to 
occur  within  five  days  of  the  cell  being  set  up  (  Figure  7).  The 
results  obtained  for  the  AF058  pair  of  cells  (  Figure  6)  show 
markedly  different  behaviour.  Particularly  noticeable  is  the  slow 
rate  of  fall  of  electrode  potential  with  time  for  both  cells.  After 
50  days,  the  electrode  potentials  of  AF056/1  and  AF058/2  were 


E'corr  / <tiV 
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ca.  -640mV  and  -335mV  respectively.  This  slow  rate  of  fall  in 
potential  is  more  typical  of  untreated  3L65  aluminium  alloy  when 
exposed  to  IflFNA.  Also  noticeable  is  the  difference  in 
potential-time  behaviour  of  the  two  AP058  cells.  Since  both  cells 
contain  IFIFNA  from  the  same  source,  working  electrodes  cut  from  the 
same  area  of  oxidiser  tank  wall  section,  and  have  both  experienced 
the  same  temperature  environment  etc.,  this  type  of  behaviour  is 
untypical . 


■4.2.21  R»  -  Time  behaviour 

Figures  10  to  13  show  the  polarisation  resistance  -  time 
behaviour  of  the  four  pairs  of  electrochemical  cells.  Since 
the  relationship  between  polarisation  resistance,  R,  and 
corrosion  current  density,  i.,T,  is  a  reciprocal  one,  a 
decrease  in  R»  corresponds  to  an  increase  in  corrosion  rate. 

Although  all  four  pairs  of  cells  show  an  initial  decrease 
in  polarisation  resistance,  obvious  differences  between  pairs  of 
cells  can  be  seen.  A  comparison  of  the  results  obtained  from  the 
SN5208  pair  of  cells  (Figure  11),  with  those  obtained  from  cells 
containing  AF058,  Westcott  and  Boom  electirolytes  (Figures  10,12  and 
13  ) ,  shows  that  after  ca^  60  days,  the  polarisation  resistance 
of  the  SN5208  cells  increases  sharply,  whereas  tne  results  obtained 
from  the  other  cells  indicate  a  continued  decrease  in  R, 
corresponding  to  an  increase  in  corrosion  rate.  This  anomalous 


Tr>|  /<^ 


f 


21 


ft-time  behaviour  i3  not  reflected  in  E;«r-tiaie  behaviour 
(Section  4.2.1) . 

The  results  obtained  from  AF058/1  (Figure  10)  show  a  lower 
rate  of  fall  of  R»  than  for  the  other  cells.  However,  after 
ca.  166  days,  the  value  of  R»  recorded  (51  IcQ),  is  similar  to 
results  obtained  from  the  other  cells. 

4.2.3)  Dismantled  Cells  -  Visual  Inspection 

The  dismantling  procedure  for  each  cell  was  identical.  The 
cell  lid  was  removed  under  a  stream  of  dry  nitrogen,  and  the 
electrolyte  removed  (FEP  pipette)  to  a  storage  bottle  (FEP, 
screw-capped) .  Residual  nitric  acid/ltCi  was  removed  ty  directing 
a  stream  of  dry  nitrogen  into  the  cell  interior.  As  the  drying 
process  proceeded,  solid  deposits  became  visible.  The  appearance  of 
these  deposits  is  reported  in  Table  4.2: 
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arance  of  Solid  Residues 
Observations 

Two  types  of  solid  visible. 

1)  White,  flaky  material  on  the 
working  electrode  surface.  Quite 
thickly  deposited. 

2)  Pale  yellowish  solid  present 
on  the  cell  walls. 

SN5208/2  Thick,  white,  flaky  deposit  on 

the  working  electrode  surface. 

Cell  walls  covered  in  a  very  thin 
layer  of  white,  flaky  solid. 

Boom  1  White,  flaky  solid.  Present  on 

all  surfaces  as  a  thin  deposit. 

Boom  2  Same  as  Boom  1. 

Wi  White/pale  green  solid  of  powdery 

texture  present  as  a  thin  film 
on  all  surfaces. 


W2 


White/green  solid.  Present  on  all 
surfaces  as  a  thin  layer. 
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4.2.41  Analytical  Results 

At  the  end  of  the  testing  period,  the  electrochemical  cells  were 
taken  off  test  and  dismantled.  The  acid  electrolyte  was  recovered  and 
analyse#  to  determine  water  content  and  HF  content  were  performed.  The 


results  are  presented  below  in  Table  4.3. 

Table  4.3:  HF  and  HiO  content  of  recovered 

IRFNA 

Cell  code 

SN52O0/1 

>6.45 

0.119 

SN5208/2 

>6.45 

0.172 

Boom  1 

4.58 

0.270 

Boom  2 

4.34 

0.325 

W1 

4.19 

0.367 

W2 

4.56 

0.342 

AFOSe/l 

3.08 

0.355 

AF058/2 

3.5Cr 

0.401 

*  After  addition  of  Cu**  ions  (Section  2) 

In  view  of  the  fact  that  solid  material  recovered  from 
cells  W1  and  W2  had  a  green  colouration,  qualitative  (ammonium 
thiocyanate  solution)  tests  for  iron  were  carried  out  on  the  solid 
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material  recovered  from  each  of  the  electrochemical  cells. 

Solids  recovered  from  cells  W1  and  W2  produced  deep  red 
colourations  on  treatment  with  thiocyanate  solution,  indicating  the 
presence  of  Fe*‘  ions.  Samples  of  the  solids  from  the  Boom  pair 
of  cells  gave  a  faint  orange  colouration.  This  probably  indicates  a 
low  level  of  Fe**  ions,  since  the  deep-red  coloured 
iron-thiocyanate  complex  is  decolourised  by  the  presence  of 
fluoride  ions. 

Solids  recovered  from  the  SN5208  pair  of  cells  gave  a 
negative  thiocyanate  test  result. 

Since  no  solids  were  recovered  from  the  AF058  pair  of 
cells,  no  data  is  available  concerning  iron  content. 


4.3)  Conclusions 

The  results  of  polarisation  experiments  carried  out  on  four 
pairs  of  electrochemical  cells  are  displayed  graphically  in  Figjures 
10.  11.  12  and  13.  These  results  indicate  that  2014  (3L65) 
aluminium  alloy  corrodes  at  a  similar  rate  in  IRFNA  obtained  from 
three  different  sources  {AF058,  Wescott  Lot67/Ii-um3  and  Boom) .  In 
IRFNA  obtained  from  these  sources,  the  aluminium  alloy  shows  a 
decrease  in  polarisation  resistance  with  time,  corresponding  to  an 
increase  in  corrosion  rate.  This  effect  is  shown  to  occur  for  the 
first  ca.  110  to  170  days  of  a  cell  lifetime.  After  this 
period,  the  polarisation  re3ista7x:e  appears  to  achieve  a  minimun 
value  (Figures  10,12  and  13)  of  between  36  and  51  kO  (63.6  and 
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90.1  k'.Tcm*) .  There  is  soaie  evidence  that  the  polarisation 
resistance  begins  to  increase  after  this  minimum  is  reached  (Figure 
13). 

The  corrosion  of  2014  (3L65)  aluminium  alloy  in  SN5208 
IRFNA  differs  from  the  behaviour  described  above  for  this  alloy  in 
AP058,  Westcott  Lot67/Drum3  and  Boom  IRFNA  (Figure  11). 

The  polarisation  resistance  minima  (13.5  to  ITlcQ)  observed 
for  the  2014  (3L65)/SN5208  system  (Figure  11)  occurred  at  ca. 

35  and  63  days.  After  this  period,  a  sharp  increase  in  polarisation 
resistance  was  observed,  corresponding  to  a  decrease  in  corrosion 
rate.  At  ca.  216  days,  the  polarisation  resistance  was  measured 
as  ca.  130  kO  (22^0  cm*);  an  order  of  magnitude  greater 
than  the  minimum  value  recorded. 

The  analytical  data  presented  in  Table  6.1  (Section  6)  and 
Table  4.3,  show  that  IRFNA  used  to  fill  the  SN5208  pair  of  cells 
(4.45  wt%  HO) .  and  the  IRFNA  recovered  from  the  SN5208  pair  of 
cells  (>6.45  wt%  HjO) ,  contained  water  concentrations  in  excess  of 
the  maximum  level  recommended  by  the  current  specification. 

In  Section  3,  it  was  diown  that  the  increase  of  water 
content  to  a  calculated  concentration  of  6.75  wt%  led  to  a  ten-fold 
increase  in  the  corrosion  rate  of  the  alloy  under  investigation, 
and  the  thickening  of  the  film  of  corrosion  products  as  measured  by 
AC  impedance. 

In  view  of  the  fact  that  thick,  solid  deposits  were 
observed  on  the  surfaces  of  the  working  electrodes  of  the  two 
SN5208  cells,  it  seems  reasonable  to  propose  that  the  growth  of 
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these  deposits  corresponds  to  the  increaise  in  polarisation 
resistance,  ft.  with  tiiae.  observed  for  these  cells  (Figure  11), 
and  that  the  thicker  films  present  on  the  surfaces  of  the  working 
electrodes  of  the  SN5208  pair  of  cells,  (compared  to  the  films 
present  on  the  working  electrodes  of  the  other  cells),  result  from 
the  high  water  content  (  4.45  wtik  )  of  the  SN5208  IRFNA. 

Table  4.3  also  shows  that  the  fluoride  ion  concentration  of 
electrolyte  recovered  from  the  SN5208  pair  of  cells  (0.119  and 
f'.iy2  wt%  )  is  lower  than  in  electrolyte  recovered  from  the  other 
cells,  indicating  that  fluoride  ions  tiave  been  removed  from 
solution  to  become  incorporated  into  corrosion  products. 

The  qualitative  tests  for  Fe*‘  ions  carried  out  on  solid 
material  recovered  from  dismantled  cells,  indicate  that  Fe**  ions 
are  incorporated  into  deposited  films.  Solids  from  W1  and  W2  had  a 
green  colouration,  and  gave  positive  Fe**  reactions. 

Mel  lor*  reports  the  presence  of  a  green  iron(III)  fluoride  hydrate 
resulting  from  the  corrosion  of  321  stainless  steel  in  standard 
high  density  acid  (SHDA) . 

It  is  probable  that  the  iron  present  in  the  films 
recovered  from  the  aluminium  alloy  electrochemical  cells  arises 
from  the  presence  of  ixpn  in  the  IRFNA  (Sectic«  6) . 
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5)  Surface  Studies 

5.1)  Introduction 

Samples  of  2014  (3L65)  aluminium  alloy  taken  from  an 
oxidiser  tank  wall  section  (SN5144)  were  characterised  using  the 
Auger  electron  spectroscopy  (AES)  facility  at  Loughborough 
Consultants  Ltd. 

5.2)  Experimental 

Five  pairs  of  samples  were  analysed.  The  pretreatments  used 

were: 

A)  Untreated 

B)  HiO  wash 

O  HiO  wash,  IRFNA  (3  months) 

D)  HjO  wash,  HF/Fj  (latm,  24  hours) 

E)  HjO  wash,  HF/F,  (latm,  24  hours),  IRFNA  (3months) 

The  experimental  parameters,  of  the  Auger  spectrometer, 
used  to  perform  the  analyses  are  listed  in  the  report  (AUAlON/3395) 
from  Loughborough  Consultants  Ltd.,  a  copy  of  which  is  appended. 

5.3)  Experimental  Results 

The  samples  all  appeared  patchy  on  the  secondary  electron 
imaging  system  (SEl)  attached  to  the  Auger  spectrometer.  The  light 
and  dark  areas  appeared  to  represent  regions  where  corrosion 
products  had  been  removed,  or  not  removed,  respectively.  The 
analyses  were  performed  in  the  light  areas  away  from  any  flaky 
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corrosion  products. 

Unfortunately,  no  reliable  surface  or  sub-surface 
information  could  be  obtained  from  those  samples  which  had 
undergone  IRFNA  treatment  (Samples  C  and  E).  These  samples  were 
covered  with  a  loose  flaky  layer  of  poorly-conducting  corrosion 
products.  This  insulating  overlayer  led  to  sample  charging  and 
hence  any  quantification  of  the  Auger  spectra  proved  impossible. 

Other  surface  techniques  (e.g.  SEM)  could  possibly  be  used  in  order 
to  estimate  the  film  thickness  present  on  these  samples.  Depth 
profiles  have  been  obtained  for  the  other  samples  (Figures  14-17). 

The  untreated  tank  wall  section  had  a  thick  film  present  on 
the  surface  (Sample  Al,  Figure  14).  Carbon  was  detected  on  the 
outer  surface  at  a  concentration  of  17  atom%  . 

The  film  consisted  of  a  mixture  of  aluminium  oxide  and 
fluoride  species.  The  ratio  of  aluminium:oxygen:fluorine  was 
calculated  at  each  etch  depth.  These  ratios  (Table  5.1)  showed 
little  variation  throughout  the  depth  of  film  analysed  (Iwro), 
although  the  top  one  or  two  atom  layers  show  a  higher  oxygen  and 
fluorine  content  than  subsequent  layers.  The  aluminium  levels 
seen  are  higher  than  those  expected,  assuming  that  the  film 
consists  of  a  mixture  of  AUOi  and  A1F».  The  levels  of  aluminium 
found  indicab?  that  some  elemental  metal  is  also  incorporated  in 
the  film.  This  is  consistent  with  an  intergranular  mode  of  attack. 


Qte  oor  obi  «•»  oti  o»i  osi  oti  ©ii 
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Table  5.1  Aluminlum:OxvQen:Fluorine  ratioe  for  Sample  A1 


Eltch  Depth 


A1:0:F 


0 

5 

10 

20 

45 

90 

180 

280 

380 

480 

950 


1  :  1.29  :  1.69 
1  :  0.86  ;  0.76 
1  :  0.95  :  0.58 
1  :  0.90  :  0.58 
1  :  0.90  :  0.60 
1  :  0.74  :  0.63 
1  :  0.63  :  0.67 
1  :  0.63  :  0.73 
1  :  0.51  :  0.73 
1  :  0.55  :  0.87 
1  :  0.61  :  0.76 


Table  5.2  Aluminium.CKyQen; Fluorine  ratioe  for  Samole  B1 


Etch  Depth 


A1:0:F 


0 

0 

0 

0 

4 

8 

45 

65 

130 


1  ;  1.21  :  0.72 
1  ;  1.67  :  0.56 
1  :  1.62  ;  0.84 
1  ;  1.62  ;  0.86 
1  :  1.13  :  0.36 
1  :  1.09  :  0.24 
I  :  0.41  ;  0.11 
1  :  0.20  :  0.06 
1  :  0.10  :  0.03 


Table  5.3  Aluminium 


n: Fluorine  ratioe  for 


Etch  Depth  /  m 


A1;0;F 


0 

0 

20 

70 


1  :  1.33  :  0.55 
1  ;  1.99  ;  1.51 
1  :  0.66  :  0.30 
1  :  0.25  :  0.10 
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Table  5.4  AluminiLim.Oxvqen:Fluorine  ratios  for  Sample  D1 

Etch  Depth  /  nm  A1 :0:F 

0  1  ;  1.53  ;  1.35 

0  1  :  1.45  ;  1.32 

4  1  :  0.99  :  0.18 

16  1  :  0.56  :  0 

35  1  :  0.46  :  0 

95  1  :  0.13  :  0 

210  1  :  0.15  :  0 

Analysis  of  the  tank  wall  sections  which  had  received  a 
water  wash  (Samples  Bl.  B2  and  Dl,  Figures  15,16  and  17 
respectively)  indicated  that  the  film  thickness  was  reduced  by  the 
water  treatment.  The  aluminium;oxygen:fluorine  ratios  are  presented 
in  Tables  5.2,  5.3  and  5.4  respectively,  and  show  that  the  films 
present  on  the  surfaces  of  the  washed  samples  have  different 
compositions  to  both  surface  and  bulk  films  present  on  the 
untreated  sample  (Al.  Table  5.1). 

The  reduction  in  film  thickness  can  be  quantified  in  terms 
of  half-film  thicknesses  (Table  5.5).  The  half-film  thickness  is 
defined  as  the  depth  at  which  the  level  of  oxygen  in  the  sample  has 
fallen  to  half  its  surface  value. 


TABF.  5.5:  Half  Film  Thicknesses 


Sample 


Al  Bl  B2 


Dl 


Half-Film  Thickness  !  >1000m  50nm  60nm  70nn 


The  effect  of  the  water  washing  process  is  therefore  seen 
to  be  the  removal  of  a  substantial  part  of  the  film  of  carrosion 
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products  from  the  alloy  surface. 

The  analysis  of  the  sample  which  had  been  fluorinated 
(HF/Fj,  latm.,  24hr3,  RT.  Sample  Dl,  Figure  17)  indicated  that  the 
pretreatnent  has  little  effect  on  the  surface  or  sub-surface 
compoeition  of  the  sample.  A  slight  enhancement  of  the  fluorine 
content  (about  lOatcan*  )  on  the  outer  surface  of  the  sample  was 
observed.  However,  the  enhancement  of  the  fluorine  content  only 
persisted  to  a  depth  of  about  4nm  into  the  film. 

5.4)  Conclusions 

The  washing  of  the  samples  in  water  produced  an  appreciable 
decrease  in  the  thickness  of  the  layer  of  corrosion  products 
present  on  the  sample  surface.  The  gaseous  fluorination  procedure 
however,  has  little  effect  on  the  composition  and  thickness  of  the 
film  on  the  metal. 
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6)  Analytical  Reaulta 

The  results  of  analyses  carried  out  on  the  various  ivtches 
of  IRFNA  used  throughout  this  work  are  reported  below  in  Table  6.1 
(Metals  content)  and  Table  6.2  (Water.  HF  and  Total  Dissolved 
Solids  (TDS)  content). 

Metal  contents  were  determined  by  atomic  absorption 
spectrophotometry  (AAS) . 

Total  solids  determinations  were  performed  according  to  the 
method  outlined  in  the  U.S.  Army  laboratory  analysis  standard  for 
IRFNA*.  and  water  contents  were  determined  from  the  near  infra-red 
absorption  spectrum  of  the  sample  between  1500  and  1350m^J  (nm) 
versus  (XI <,  both  contained  in  Snan  path  length  cells  as  descrrilaed 
in  Ref. 5. 

Fluoride  ion  concentrations  were  determined  using  the 
specific  fluoride  ion  electrode  as  reported  previously  in  Reference 
6. 

Table  6.1:  Metals  Content  of  "Stock"  IRFNA 


IRFNA  Source  Metal  COncentration/wpon 


hi 

Es 

Oj 

Q: 

Ni 

"New"  Westcott 

200.2 

366.6 

4.3 

34.1 

39.5 

Westcott  Lot67  Dr. 3 

101.5 

90.2 

1.8 

34.9 

31.2 

SN5208 

180.6 

11.5 

8.8 

34.1 

0.5 

AF175 

194.1 

7.5 

1.1 

1.6 

0.5 

AFX)58 

205.0 

6.8 

1.1 

1.7 

M) 

Boon 

147.6 

6.5 

7.0 

0.9 

0.4 

ND  -  none  detected 
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Table  6.2:  Total  Diaaolved  Solids  (TPS).  H.0  arri  Hr 


content  of 

"Stock" 

IRFNA 

IRFNA  Source 

TD6 

IHiOl 

m 

/  wtt 

/  wt% 

/  Wt!k 

"New"  Westcott 

- 

2.79 

0.559 

Westcott  Lot67  Dr. 3 

0.14 

2.75 

0.55 

SNb208 

0.065 

4.45 

0.576 

AF175 

0.069 

1.74 

0.592 

AF058 

0.043 

2.839 

0.503 

Boom 

0.058 

2.16 

0.519 
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